and the 14th day were observed. A visible precipitate was recorded as a positive reaction, no visible precipitate, as a negative reaction. The slides were stained according to the methods of Uriel (26) . Thiazine Red R (Allied Chemical Corporation, New York) was employed as a protein stain and Oil Red O (G. T. Gurr, Ltd., London) as a lipid stain.
Immunoelectrophoresis.--The immunoelectrophoretic experiments were performed as described by Scheidegger (27) .
Gel Filtration.--For purification of proteins by gel filtration, Sephadex G-200 (lot TO 5822) was purchased from Pharmacia, Upsala, Sweden.
Statistical Methods.--The results from each population were arranged in "fourfold" tables according to the individual's reaction type and sex. The existence of a sex difference was estimated by the X * test using Yates' correction as described by Hill (28) . The gene frequencies were calculated separately from males and females and combined male and female genotype frequencies were obtained using the formula applied earlier for the Xg system (29) . The gene frequencies calculated by means of this formula will be referred to as the "combined" gene frequencies. This formula, which is due to Haldane (30) , was first called to our attention by Dr. Ruth Sanger. The expected distribution of males and females was calculated for each population and for the parents and children comprising the family material from the "combined" gene frequencies assuming an X-linked dominant mode of inheritance (29) .
EXPERIMENTS AND RESULTS

Characterization of Rabbit Immune Serum.--Serum of the rabbit obtained
before immunization did not precipitate in agar gel when tested against human sera. Mter immunization, the serum precipitated several human serum proteins including the ~-macroglobulin. To identify the precipitating factor in the rabbit serum, the rabbit immune serum was submitted to immunoelectrophoresis and allowed to diffuse against human serum. A precipitate developed corresponding to the "y-globulins of the rabbit serum. The rabbit serum proteins were identified by their reactions with goat anti-rabbit serum.
Absorptior~ Experiments.--To test whether the immune serum revealed an individual specificity of human serum, an absorption experiment applying an intrabasin technique was performed.
The rabbit serum was absorbed with each of twenty human sera, and tested against the same panel of twenty sera. 15 #1 of the human serum used for absorption was pipetted into the central well and allowed to diffuse into the surrounding gel. Rabbit immune serum (15 #1) was then placed in the same well and at the same time normal human sera (15/~1 of each) were placed in the peripheral wells. Since this amount of human serum was occasionally too small to remove all precipitating ability against the serum used for absorption, the absorption experiments were repeated with 30 #I human serum. This was achieved by filling the well twice with 15 #1. Mter the second 15 #1 aliquot of human serum had diffused into the surrounding agar, the rabbit serum was pipetted into the well, and 15 #1 of each of the human sera to be tested were placed in the peripheral wells. Using this absorption technique, no precipitate between the absorbed immune serum and the human serum used for absorption was observed.
Human sera could be divided into two groups depending on the results obtained when they were used as absorption material. When serum of the first group (to which the donor of the immunization material belonged) was used for x~ SYSTV.~t absorption, all precipitating ability against human sera was removed from the immune serum. When serum from the second group of human donors was used for absorption, the precipitating ability against human sera of the first group remained but reactions against sera of the second group were no longer observed. These results suggested that individuals of the group to which the donor belonged could be called positive reactors because they possessed an additional antigenic group in their serum compaled to the second group, who were called negative reactors. The results further indicated that the immune rabbit serum could be made specific for thi~ antigenic factor by absorption with human serum from a negative reactor.
The intrabasin technique has the disadvantage that the precipitation between antibodies in the immune serum and proteins in the absorption material, occurs in the area immediately surrounding the well and gives rise to a circular precipitate. Absorption of the antiserum in tubes prior to the gel diffusion experiments eliminates this difficulty. The latter technique also permits the absorption of larger amounts of "standard" immune serum. Influenced by the amount of human serum necessary for absorption of the immune serum when the intrabasin technique was used, 1 part of rabbit serum was mixed with 2 parts of human serum from a negative reactor, and the absorption performed in a tube, as described elsewhere (22) . The absorption in tubes necessarily led to a considerable dilution of the antiserum.
The Reaction between Absorbed Rabbit Serum and Human Serum.--When 15 ttl of the immune rabbit serum absorbed in tubes as described above was tested against the same amount of normal human serum in double diffusion experiments, no precipitates developed. When 30 ~1 of the absorbed serum was employed (achieved by filling the well twice with 15/zl serum each time) weak precipitates developed against sera from positive reactors. When the antiserum well was filled 3 times with 15 t~l each time, so that a total of 45 #1 of the absorbed immune serum was used, precipitates of apparently the same strength as those observed during the intrabasin absorption experiments developed between the antiserum and sera from positive reactors, whereas no precipitates developed between antiserum and sera from negative reactors. The reactions could often be seen after 1 day, regularly after 2 days, but were still stronger after 3 days. No change of the reaction patterns was observed after 3 days (some slides were allowed to react for up to 14 days). Several slides were observed at regular intervals during the first 3 days, and it was established that once a precipitate had occurred, it did not disappear.
When 45/A of the absorbed immune serum was used against 15/zl human serum, the test results remained the same in a large mlmber of experiments where the same human sera were tested repeatedly.
Experiments were also performed employing 90 t~l of absorbed rabbit serum instead of 45 #1, with similar results. The test results were also similar when 30, 45, and 60/zl of the human serum to be tested was used instead of 15/~1. Since these quantitative variations did not influence the results, it was concluded that the difference between positive and negative sera was qualitative, and not dependent upon small quantitative differences in the concentration of one serum protein.
As a routine procedure, 45 ~1 of the absorbed rabbit serum was tested against 15 #I of each human serum. The slides were examined after 1, 2, and 3 days, the reading after 3 days was regarded as decisive. The slides were reexamined after staining, and the results obtained were always identical to those of the unstained preparations after 3 days.
FIGS. 1 a and 1 b. Reaction pattern between absorbed rabbit immune serum and human serum from positive and negative reactors.
The reagents were: A, absorbed rabbit immune serum; 1, 3, and 5, human serum from negative reactors; and 2, 4, and 6, human serum frmn positive reactors.
Some variation in the strength of the precipitates was observed, but no attempt to grade the strength of the reaction was made. In some instances reactions were somewhat difficult to interpret because of the faintness of the precipitin lines, however retesting and the inclusion of positive and negative control sera on the slide enabled the typing to be made confidently. When weak reactions were encountered it was particularly helpful to observe the reaction of identity with the precipitate from a positive control serum placed in the neighboring well. When positive sera were tested in neighboring wells, the precipitates always gave a reaction of identity with each other. Weak reactions generally became more visible after staining. Precipitates between absorbed rabbit immune serum and different human sera are shown in Fig. 1 .
The precipitates obtained were observed 1/~ to }/2 of the distance between the wells containing human serum and those containing the antiserum and were xu S¥STElV[ concave towards the wells containing human serum. The shape of the precipitates suggested that the reacting protein of human serum was of high molecular weight. The precipitates could be stained for protein, but not for lipid, and it was concluded that the high molecular weight reacting component of human serum was not a lipoprotein. The identity reaction of the two major precipitates between wells A and B shows that the major protein component in well 2 is as-macroglobulin. The two or three additional proteins present in small amounts (visible as faint precipitates between 2 and B) have so far not been identified.
Attempt to Identify the Antigen Present in Human
purify the as-macroglobulin from a positively reacting human serum was undertaken. Fresh serum from a positive reactor was submitted to starch block electrophoresis using a technique previously described from this laboratory (31) . A serum of haptoglobin type 1-1 was selected to avoid the complication of high molecular weight haptoglobin 2 polymers migrating in the as-region. The elnate from the segments of the starch block containing the main part of the ~2-macroglobulin (identified by testing against specific anti-a2-macroglobulin serum) was concentrated by ultrafiltration and submitted to gel filtration on a Sephadex G-200 column (32) . The column was eluted with a buffer of p H 8.0 containing 0.1 ~ Tris and 0.5 ~ sodium chloride. The a~-macroglobulin was excluded from the column and emerged in the fractions corresponding to the first chromatographic peak. These fractions were pooled, concentrated by ultrafiltration and tested immunologieally as shown in Fig. 2 .
The first chromatographic peak of the gel filtration contained nearly pure c~2-macroglobulin. The two or three other proteins, of which traces were found in the immunoelectrophoretic experiments, have so far not been identified. The preparation of nearly pure ~x~-macroglobulin gave a strong precipitate with a reaction of identity with the precipitates obtained from positively reacting human sera, when tested against the specific, absorbed rabbit immune serum.
These experiments made it highly probable that the antigen in human serum resides in the a~-macroglobulin fraction and it was therefore preliminarily concluded that the absorbed rabbit immune serum detected an individual specificity of the human serum a~-macroglobulin. Further characterization of the antigen is in progress. Preliminary observations suggest that the antigen may become altered on storage, even at --25°C.
Persistence of the Antigen in the Serum of Human Positive Reactors.--Serum
obtained from a single bleeding of an individual, tested at different times, always reacted in an identical fashion. To determine whether the reaction pattern with absorbed rabbit immune serum is constant in a single individual, samples of serum obtained from bleedings at different times from the same individual were analyzed. Serum from 10 individuals from 3 separate bleedings was tested. Serum from 2 separate bleedings was tested from 24 individuals. The maximal interval between bleedings was 2 years. In all experiments serum from the same individual always gave the same reaction when tested against absorbed rabbit immune serum. It was concluded that the reaction type of a human serum against this particular rabbit serum remained constant and was characteristic for the particular human serum.
Genetical Hypothesis, Nomenclature.--Since the experiments indicated that the reaction type of individual human sera was constant, it seemed likely that the serum protein detected by the absorbed rabbit immune serum was under genetical control. The initial experiments showed a distinct difference between the frequencies of male and female positive reactors, inasmuch as far more females than males reacted with the absorbed antiserum. The difference was sufficient to suggest that if the factor disclosed by this immune serum was genetically determined, the locus controlling it would be located on the human X chromosome. The difference in frequency between males and females suggested a dominant X-linked inheritance.
Subsequent investigations were performed to test the hypothesis that the antigen revealed by the rabbit serum is controlled by an X-linked gene which is expressed whether present in double or single dose.
For convenience in referring to this system, a preliminary notation was employed. To signify that the antigen was controlled by a gene on the X chromosome and to incorporate the notion that the antigen resides in the a2-macroglobnlin, a notation based on the symbol Xm has been introduced.
x~ S'fST~
The antigenic factor revealed by the immune serum has been called Xm(a), and the phenotypes Xm(a+) and Xra(a-) respectively. The specific antibody accordingly has been called anti-Xm(a). The gene responsible for the antigen Xm(a) has been called Xm ~ and its, so far silent, allele Xm. Positive female Population Studies.--If a gene is present on the X chromosome, studies of the phenotype frequencies in a random population should conform to a predictable pattern of distribution. Four different populations were studied. Each population was tested to see whether the difference in phenotype frequency between males and females was significant. If the postulated mode of inheritance is correct, the gene frequencies will be identical to the phenotype frequencies in Table I. the males. In females, the frequency of the recessive gene can be calculated as the square root of the frequency of the negative phenotype. To utilize the information obtained from both males and females, a "combined" gene frequency was estimated. The gene frequencies were calculated separately from the male and female phenotype frequencies, and by the "combined" gene frequency formu]a. The expected numbers of positive and negative males and females were calculated from the "combined" gene frequencies. The results of the analyses of the 4 different populations, are shown in Tables I through IV. The X ~ in part A of these tables was calculated from the fourfold table as described by Hill (28) whereas the X ~ in part C of the tables was calculated from the expected value. (1) = 0.5914, 0.30 < P < 0.50 X2(1) = 0.2128, 0.50 < P < 0.70 * See Table I .
In all 4 populations a considerably higher proportion of females than males were Xm(a+). This sex difference was highly significant in all populations. In all populations, the gene frequencies were similar, whether they were calculated from males or females alone, or from the formula combining the information from both sexes. The calculations from males alone gave a consistently lower frequency for the gene Xm ~ than those from females only. Small variations in the gene frequencies between the populations were observed.
In part C of Tables I through IV the expected numbers of individuals of each phenotype within each sex were calculated from the "combined" gene frequencies on the assumption of dominant X-linked inheritance. The correlation between expected and observed values was satisfactory for all populations. x2o) = 0.1750, 0.50 < P < 0.70 X2(1) = 0.0724, 0.70 < P < 0.80 * See Table I .
Thus far, the population data obtained support the hypothesis of an X-linked dominant mode of inheritance.
Family Studies.--The family material consisted of samples of serum from members of 28 families with a total of 83 children from Easter Island. (None of the parents were included in the study of unrelated individuals described in the preceding section.) The frequency of the phenotypes of the parents within each sex corresponded to that found in the population study (for males X 2 a) = 0.3600, 0.50 < P < 0.70, for females X ~ (1) =0.6340, 0.30 < P < 0.50). From the material of unrelated individuals a frequency of 0.2655 was found for the gene Xm ~ and of 0.7345 for the gene Xm in this population. This corresponds to the following genotype frequencies in the population from Easter Island. From these frequencies the expected distribution of parents and children with respect to their Xm type was calculated, as shown in Table V. In the families studied blood was obtained from children 7 years and older. The details of the families tested are given in Fig. 3 ; untested children and abortions are not included. It can be seen from Fig. 3 that in the last family in which both parents were positive, one girl was negative, whereas all girls would be expected to be positive if the father is positive. This child thus represents an apparent exception from the postulated mode of inheritance. The remaining girls of matings where both parents were positive, were found to be positive. Both positive and negative boys were found in families of this kind as expected. In the two families in which the father was positive and the mother negative, all sons were expected to be negative and all daughters positive. This expectation was realized and thus no male-to-male transmission was observed. In eleven families where the father was negative and the mother positive, sons and daughters of both phenotypes were found as expected. In eleven families in which both parents were negative, all children were negative as expected. It is 
No.
Obs.* Exp.* highly unlikely that this finding could have occurred by chance, if the trait was not genetically determined, or expressed more cautiously, if no relationship existed between the phenotypes of the parents and the children. Thus, apart from the one negative daughter of a mating where both parents were positive, no exceptions from the postulated, X-linked dominant mode of inheritance was found.
The expected number of matings of each type, and of male and female offspring of each phenotype within each mating type, was calculated from Table V. In Table VI , the family material is summarized and the observed numbers are compared with those expected. Again, with the exception of the negative daughter from a mating in which both parents were positive, the
The inheritance of the antigen Xm(a) in 28 Easter Island families with 83 children.
xM SYSTEM correspondence between observed and expected values was satisfactory (Table  VI) .
Influence of Age on the Manifestation of the Xm Types in
Children.--In addition to the family material, samples from a number of children from Easter Island were available for testing. Serum samples from a total of 145 children (including those of the family material) between 7 and 19 yr of age were tested. The distribution with respect to phenotype and age group within each sex is shown in Table VII . :~ Obs., observed numbers; Exp., expected numbers.
In the table, the expected numbers were calculated from the frequencies in adults. The values for X 2 in the table, however, were obtained by comparing for each sex, the numbers of each particular age group with those of the adults, in a fourfold table, employing Yates' correction. Although the numbers were small, a striking correlation between the age of the child and the reaction type observed was found in the females. In the age group 7 to 10 yr none of the girls were positive. In the age group 10 to 13 yr 31.6 % of the girls were positive, whereas in the 13 to 16 yr group the frequency had approximately reached that of the adult females. In the boys, however, no lack of positive individuals compared with the expected number was observed in any age group. This was also evident when the children were studied at 1 yr intervals. Thus, positive girls first occurred in the 10 to 11 yr age group and the frequency increased until the 14 to 15 yr age group where the adult level was attained. The relationship between age and phenotype frequencies in females is indicated in Fig. 4 where the corrected values for X 2 are plotted against each age group. As shown in the figure, the distribution in the 7 to 10 yr age group of girls differed significantly from that in adults. No significant deviation was found in the other age groups or in boys.
Thus even though the numbers were small, a significant difference in the phenotype frequencies was found between young girls and adttlts. In males no such difference was observed. For the Easter Island population age information was available also for a number of adults. No age difference in the phenotype frequencies was found among adults of either sex.
Sera from Patients with XO Karyotype.--Thus far sera from 7 patients of karyotype XO have been available for testing; all were negative. 
DISCUSSION
The immune serum used in the present study was produced following an immunization schedule similar to one successfully employed for the production of anfi-Lp(a) sera in rabbits (33) . Unfortunately, this immune serum contained a relatively weak antibody against the Xm(a) factor, and it contained strong nonspecific antibodies. Although absorption could be employed to remove the nonspecific antibodies, this resulted in a marked dilution of the antiserum and necessitated the employment of comparatively large amounts of the absorbed immune serum. This was achieved by refilling the antiserum wells. Although the necessity of refilling the wells limited the amount of antiserum that could be used the test results were unchanged when twice the normal amount of antiserum was used. The results of the experiments in which varying amounts of immune serum and human sera were employed indicate strongly that the difference in ability of human sera to react with the absorbed rabbit immune serum is caused by a qualitative difference between human sera, and not by quantitative variations in one particular serum protein. This is also supported by the observation that serum obtained from different bleedings of the same individual always reacted in the same way. In general, the reactions were weaker and took a longer time to develop than the Lp(a) reactions (34) and were of less intensity. A stronger antiserum would be highly desirable. Since the serum from only one rabbit has been found to possess the anti-Xm(a) specificity the number of experiments that can be performed is presently sharply limited.
The results described in the present paper, especially those obtained with a highly purified preparation of a2-macroglobulin, make it reasonable to conclude that the antigen is, in all probability, the ~2-macroglobulin of human serum and justify the introduction of a preliminary nomenclature referring to this protein.
Although a genetic variation in this protein does not appear to have been reported in man, a genetically determined lack of the a~-macroglobulin has been observed in cattle (35) .
In cases of X-linked inheritance data from unrelated individuals provide a considerable amount of information because of the difference in phenotype frequencies between males and females. All the 4 populations tested fit the hypothesis of a dominant X-linked mode of inheritance.
Patients of karyotype XO would be expected to have the same phenotype frequency as normal males. Thus far 7 patients have been tested and found to be negative. If a larger number of such patients become available for testing, statistically significant information pertinent to this question could be obtained.
The most critical test for the genetical hypothesis stems from the studies performed on the family material. Because of the rules governing dominant X-linked inheritance, there are a number of critical matings which permit the hypothesis to be tested. One exception, a negative daughter from a marriage in which both parents were positive, did not agree with this hypothesis. With this exception the numerical distribution of the various phenotypes within the family material corresponded well to that expected. (Table VI) .
The explanation for the apparent exception from the postulated mode of inheritance is presently unclear. Although the plausible explanation of illegitimacy cannot be investigated in this instance, this finding could also mean that exceptions from the postulated mode of inheritance may occur when the present technique and antiserum are employed. The sex chromosome constitution of the exceptional female is also unknown. A much lower frequency of the Xm(a+) phenotype was found among young girls than among adult females, although conclusions must be drawn cautiously from the small number presently available. The frequency of positive girls steadily increased until 14 to 15 yr of age. This suggests that the Xm(a+) type may not manifest itself in girls (or in a certain percentage of girls), until relatively late in childhood. The reason for the restriction of the delayed manifestation to females is not fully understood at present.
Because of the late manifestation of the Xm(a+) phenotype in girls, some less than 14 yrs of age, who possess the Xm a gene may appear phenotypically as Xm(a-). The one girl who represents a departure from the postulated mode of inheritance was between 11 and 12 yr of age. Seven other girls, all of whom were positive, were the offspring of positive fathers. Of these, two were 11 yr old, one was 12 yr old; the remaining 4 were older than 13. Thus, the girl, apparently representing an exception from the postulated mode of inheritance, may possess the Xm a gene but be too young to have her true Xm phenotype developed. Support for this concept would be gained if conversion of her Xm phenotype occurred and she remained positive. Studies on the development of the Xm(a) factor in girls of various ages will be relevant to this problem.
The Lp system (22) was detected by means of immunological procedures closely related to those employed in the demonstration of the Xm system. The results described in the present paper provide support to the suggestion that other presently unknown genetically determined antigenic factors of human serum proteins may be disclosed by the use of certain heteroimmunization and absorption procedures (22) .
The disclosure of linkage to any of the known loci on the human X chromosome would be proof positive that the Xm locus is located on this chromosome. Preliminary linkage studies have been planned but are limited by the present shortage of antiserum. The detection of the X-linked serum system described in the present paper provides an additional opportunity to study the order of the genes on the X chromosome of man.
SUMMARY AND CONCLUSIONS
The detection of an inherited X-linked serum system in man, disclosed by a heteroantiserum made specific by absorption, is described. These studies suggest that the antigen, demonstrated by the specific antiserum, resides in the a2-macroglobulin fraction of serum. The system has been named the Xm system, where X refers to the localization of the genc on the X chromosome, and the m indicates that the antigen is part of the ~2-macroglobulin fraction.
The distribution of phenotypes in unrelated individuals from 4 populations, as well as studies performed in families are consistent with an X-linked dominant mode of inheritance. One Xm(a-) daughter was found in a family where the father was Xm(a+). This finding is discussed with particular reference to the possible influence of sex and age on the development of the phenotype.
This common X-linked marker is likely to prove useful in mapping the human X chromosome.
